The impact of spacecraft acceleration environment: on Protein Crystal Growth (PCG) is studied. A brief overview of the Space Shuttle acceleration environment is provided followed by a simple scaling procedure used to obtain estimates of the flow and concentration field characteristics in PCG. A detailed two-dimensional numerical model is then used to simulate the PCG system response to different disturbance scenarios; viz. residual g effects, impulse type disturbances and oscillatory inputs. The results show that PCG is susceptible to g-jitter and is a good candidate for vibration isolation. https://ntrs.nasa.gov/search.jsp?R=19960045836 2019-11-15T08:40:35+00:00Z Density differenc_ _o (g/cm 3) Oiffueivity,.D (era'Is) K_=matic viscosity, v (cm2/s) Crystal Length, L (¢m) Cryatal Radius, a (¢m) Greshof Number, Gr (1 go) Schmidt Number, S¢ (v/D) 1.2
Introduction
Crystal growth in space benef'_s not only from its reduced gravity environment but also from the absence of the hydrostatic pressure which assists certain crystal growth and refinement methods. Gravity driven phenomena are thus reduced in strength, and a purely diffusive fluid behavior can be attained. In addition, past materials science experiments have shown that microgravity can also help produce larger crystals. While gravity related effects are defin'rtely curtailed in space, they are nevertheless present to some degree due to the acceleration environment on board the spacecraft. These disturbances, collectively referred to is g-jitter, can be deletacious to certain experiments where the minimization of the acc_eration level is important. Advanced vibration isola_on techniques can be utilized to actively filter out some of the detrimental frequencies and help in obtaining optimum results. However, the successful application of this technology requires the detailed analysis of candidate fluids experiments to gauge their response to g-jitter and to determine their acceleration sensitivities.
Several crystal growth experiments in the Protein
Crystal Growth (PCG) area, besides others, are expoded to be carried out on future shuttle flights and on the l_laca station. The need for vibration isolation systems or components for microgravity science experiments can be expected to grow as experiments and available han_mra become more complex.
This technology will also find increased application as the science community devetops an awareness of their specific needs relaUve to the environment available In manned space missions. Vibration isolation research strives to develop I microgravity environment requirement that defines tolerance limits on the allowable g-level, end provides the required technology to achieve it. This effort will assist in establishing the tolerable ICCelera'don levels for specific experiments. This paper is directed towards modeling PCG with the following objectives in mind. I.
To computationelly determine vibration sensitivity of Protein Crystal Growth Experiments. Z Determine if these experiments can benefit from vibration isolation techniques.
Provide realistic requirements for vibration isolation technology.

The Space Shuttle Acceleration Environment
The Orbiter Structural coordinate system shown in Fig.  1 . The accelerations experienced in a manned orbiting space laboratory are loosely classified as quasi-steady, oscillatory, and transient. The quasi-steady classification, by convention, is assigned to accelerations with frequency below about 0.01 I-iz. This encompasses accelerations due to atmospheric drag, gravity gradient effects, and rotational forces and is estimated [1] and measured [2,3] to be on the order of 10-6 go. The drag contribution varies with the orbital frequency of about 10-4 Hz. The operation of machinery, control thrusterz, solar panels, human activity, etc., contribute to higher frequency accelerations.
Typical acceleration data taken on STS-47 (launched Sept. 1992) are shown in Fig. 2 as a power spectral density plot. This plot represents the environment during nominal crew activity and is characterized by distinct frequency peaks in the 1-10 Hz range that correspond to the Orbiter structural modes. The term nominal crew ect_ is used to Indicate a time period when no significant acceleration sources such as vehicle maneuvers, water dumps, satellite IIunches and crew execise are present. The measured acceleration magnitudes are generally found to vary with the level of crew activity. Fig. 3 shows an ecample of the difference in levols during periods of crew sleep, nominal crew ICtiv_, Ind crew _ on I bicyde ergomater taken on the STS-40 mission [4].
The data in each plot is a PSD calculation performed on 50 seconds of mw SAMS data end presented in units of Micro-g/ttz Ir2. The RMS value for the data on each chart is shown in the figure. Acceleration levels in time vary from 10.4 to 10"3go. The SAMS sensor, located in rack 5 in the Spacellb module, recorded data st 25 samples/sac with I 5 Hz low pass filter. An important characteristic of the g-jitter environment is that the osdhtory and transient sources tend to excite Orbiter and payload structural modes. Because of this, the effects of • high magnitude tmnsle_ source may be felt by an experiment in the form of The data collected from past shuffle missions have all indicated that microgravity can be effectively utilized to obtain higher quality protein crystals. The space grown crystals tend to be significantly better then the best earth grown samples and thus are ideal for protein crystallography. However, past expedenca has also shown that the microgravity environment on the Space Shuttle can sometimes yield unpredictable results in PC(;. Poor cr/atal quality due to cracking, stunted crystal growth, multiple and some times showers of small crystals have been observed with cedatn PCG experiments. The causative factors for these effects have not all been completely understood. R is generally agreed however, that crew activity and g-jitter all play some role in this crystal degradation process.
In any PCG experiment, the solution transport within the grow_ medium and the crystal surface attachment kinetics play key roles in determining the crystal growth rata. WRh most small molecule crystals, solution transport is the rate limiting step.
In such situations, forced convection in the solution will increase the growth rate up to a certain point beyond which surface kinetics becomes the analyses a host of mechanisms that may account for the growth cessation behavior. The inclusion of contaminants from solution was hypothesized as the probable cause of this behavior. However, as mentioned in [7], this mechanism does not explain the absence of similar effects in the growth of orthorhombic lysoz'jme [8]. Thus for some crystals at least, even small convective flows are deleterious for growth of the crystal. The exact mechanism for this effect is as yet not fully understood.
Tlme Scales and Boundary Layers
As a first step in the modeling process, estimates of the system time scale and boundary layer thickness have to be determined. Hens egg protein, lysozyme, is chosen for modeling purposes because it is a commonly available protein which is well characterized and and frequently used as a benchmark to test out new growth procedures, analysis ere.Estimates of its physical properties are shown in table 1. 
Therefore using the physical properties listed in table 1 estimates can be drawn for 8 and t-at different gravity levels. These are listed in table 2. 
Order of Magnitude Analysis
The magnitudes of the oscillatory disturbances that are of consequence to PCG can also be estimated by implementing a simple Order of Magnitude Amdysis (OMA) of the equations The fluid response to a parametric variation of the glevel (10"2g o. 10<3go. 10"4go. 10"5go, and 0go) is plotted in Fig. 7 
Conclusions
The salient results from the investigation are as follows:
1. G-jitter dominates the spacecrett acceleration environment. It is ¢ompdsed of a myriad frequencies and displays no preferred orientation. The g-jitter magnitudes can be as high as 1 milli-g (10"3go).
2. Impulse type disturbances are random in nature and hence unpredictable. The solutal field response to impulsive forces is especially long tewn end considerable. Impulse type disturbances are also deleterious to PCG in other respects e.g. drop dislodgment, multiple crystals, crystal cracks etc. It is therefore prudent to take remedial measures to safeguard against their pernicious effects on materials processing.
PCG observations and analyses indicate susceptibility
to g-jitter.
Calculations show the PCG flow field is susceptible to
1-10 Hz frequency range.
5.
PCG is a good candidate for Vibration Isolation. Current vibration isolation system can filter up to 0.1 Hz. Passive systems can also filter down to this frequency level. 8. A passive Isolation System for PCG Is a first recommendation.
